Why is the Supersymmetry Breaking Scale Unnaturally High? by Feldstein, Brian & Yanagida, Tsutomu T.
ar
X
iv
:1
21
0.
75
78
v2
  [
he
p-
ph
]  
31
 Ja
n 2
01
3
IPMU12-0193
Why is the Supersymmetry Breaking Scale Unnaturally
High?
Brian Feldstein(a), and Tsutomu T. Yanagida(a)
(a)Kavli IPMU, University of Tokyo, Kashiwa, 277-8583, Japan
Abstract
Evidence is mounting that natural supersymmetry at the weak scale is not
realized in nature. On the other hand, string theory suggests that supersym-
metry may be present at some energy scale, and gauge coupling unification
implies that that energy scale may be relatively low. A puzzling question is
then why nature would prefer a low, but not completely natural supersym-
metry breaking scale. Here we offer one possible explanation, which simul-
taneously addresses also the strong CP and µ problems. We introduce an
axion, and suppose that the Peccei-Quinn and supersymmetry breaking scales
are connected. If we further assume that R-parity is not conserved, then the
axion is required to be dark matter, and the Peccei-Quinn/supersymmetry
breaking scale is required to be at least ∼ 1012 GeV. Gravity mediation then
yields scalar superpartners with masses of at least ∼ 100 TeV. The gauginos
are likely to obtain loop-factor suppressed masses through anomaly mediation
and higgsino threshold corrections, and thus may be accessible at the LHC.
The axion should be probed at phase II of the ADMX experiment, and signs
of R-parity violation may be seen in the properties of the gauginos.
1 Introduction
The lack of any observation of superpartners or new flavor violating effects, as well
as the observed Higgs mass of 125 GeV, suggest that if supersymmetry (SUSY) is
realized in nature, the SUSY breaking scale is likely appreciably higher than the
weak scale. On the other hand, string theory suggests that supersymmetry may be
realized at some scale in nature, and gauge coupling unification, naturalness and
the presence of dark matter all point towards a low supersymmetry breaking scale.
In fact, if the scalar superpartner masses are perhaps 100-1000 TeV, with gauginos
obtaining lighter 100-1000 GeV masses automatically by anomaly mediation [1], then
the resulting picture is remarkably consistent: The heavy scalars appropriately raise
the Higgs mass through loop corrections, suppress flavor changing neutral currents,
and allow for the avoidance of collider constraints. In such a scenario, supersymmetry
breaking may be communicated by supergravity effects alone, without the need for
additional structure.
In this picture- dubbed “Pure Gravity Mediation” (PGM) [2, 3, 4]- gauge coupling
unification remains successful, naturalness is significantly improved compared to a
case with a higher SUSY scale (or no SUSY at all), and the lightest superpartner-
the wino- may still serve as dark matter. In spite of all of this, however, a crucial
question nags: If nature prefers to solve the hierarchy problem and therefore has a
relatively low SUSY breaking scale, then why doesn’t it go all the way? There doesn’t
appear to be any fundamental physical constraint preventing the SUSY breaking
scale from being lower, with a lighter dark matter particle and perfect naturalness.
In a landscape picture, it is difficult to imagine why a region with a low, but not
completely natural SUSY scale would be a likely place for us to find ourselves. A
small number of other open questions remain in this scenario as well, such as the
reason for a µ parameter at least as small as the SUSY breaking masses and the
reason for the suppression of strong CP violation, amongst others.
In this paper, we will show that the issues mentioned above- the µ problem, the
strong CP problem, and the incomplete naturalness problem- may all be addressed
simultaneously in a straightforward way. Our key assumptions will be as follows:
• The strong CP problem is solved by a Peccei-Quinn (PQ) symmetry [5] under
which the standard model quarks are charged, with an associated axion.
• This same PQ symmetry forbids the presence of the µ term, and PQ symmetry
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breaking then leads to µ of an appropriate size.1 Here we assume that the PQ
charges are such that the µ parameter is suppressed by one power of the Planck
scale.
• The breaking of PQ symmetry triggers supersymmetry breaking, so that the
two scales are generated to be roughly equal.
• R-parity is not conserved.
Our assumptions follow from a simple train of logic which begins with the hy-
pothesis that an axion solves the strong CP problem. In such a case, PQ symmetry
(assumed to be carried by the standard model quarks) automatically forbids the
µ term, suggesting also a solution to the µ problem. We are then faced with the
prospect of generating two new scales in nature- the PQ scale, and the SUSY scale.
It is remarkable that the scale required for SUSY breaking in pure gravity media-
tion models ΛSUSY ∼
√
m3/2Mpl ∼
√
100 TeV × 1019 GeV ∼ 1012 GeV happens to
coincide with the PQ breaking scale typically needed for axionic cold dark matter
[7]. It is the simplest possibility then, that the scales are related, and moreover, that
R-parity conservation is therefore not necessary in order to obtain a dark matter
candidate.
Assuming that the fundamental theory violates R-parity, the PQ scale, and there-
fore also the SUSY breaking scale must be at least of order 1012 GeV in order to
obtain a dark matter candidate, as seems required for structure formation [8]. We
thus obtain a lower bound on the SUSY breaking scale of ΛSUSY & 10
12 GeV, imply-
ing gravity mediated gravitino and scalar masses & 100 TeV. While higher breaking
scales are physically allowed, they are disfavored by a resulting increase in fine-
tuning- both in the weak scale, and also in the the initial displacement angle of the
axion field to avoid dark matter over-production. Note that if we took R-parity to
be conserved, it would open up the possibility for LSP gaugino dark matter, with a
lower SUSY breaking (and PQ) scale, and the mystery of an incompletely natural
weak-scale would remain unsolved.2 We also note that our picture tends to result
in a supersymmetry breaking spurion charged under PQ symmetry, which is thus
unable to give masses to the gauginos directly, implying the anomaly mediated (plus
higgsino threshold corrected) spectrum which we consider.
1See also for example [6].
2Indeed, there doesn’t appear to be any problem with, for example, mixed bino-wino thermal
relic dark matter with mass of perhaps 5− 10 GeV, and a few hundred GeV superpartner masses.
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The outline of this paper is as follows: In section 2, we will briefly review some
aspects of the pure gravity mediation scenario, before turning to discuss the details
of our argument more thoroughly, as well as give an example of a simple model which
can dynamically generate both the PQ and SUSY scales simultaneously. In section
3, we will discuss the phenomenology of our scenario, including the requirements
and constraints on the assumed R-parity violation. Dark matter axions have a good
chance to be observed in upcoming experiments, and the gauginos may be observable
at the LHC, or a future linear collider. The presence of R-parity violation may
be suggested if the LSP is found to be a bino or gluino (since phenomenologically
unacceptable contributions to the dark matter density would result without R-parity
breaking). Moreover, it may be possible to directly observe R-parity violating decays
of the LSP, providing an explicit check of our framework, especially if accompanied
by an observation of axionic dark matter. We also point out that an interesting signal
of our scenario would be to find a long lived wino LSP at a collider, but without
a corresponding dark matter annihilation signal in cosmic rays. This discrepancy
could be particularly acute for relatively light LSP masses of perhaps a few hundred
GeV. We will summarize in section 4.
2 Bound on the SUSY Breaking Scale
We will begin by reviewing the essential aspects of the pure gravity mediation sce-
nario. After supersymmetry breaking by an F term vev FSUSY , the gravitino mass
becomes
m3/2 =
|FSUSY |√
3Mpl
, (1)
withMpl = 2.4×1018 GeV. The scalar superpartners obtain masses at the same order.
The µ parameter, and hence the scale of the higgsino masses, in general depends on
the details of the solution to the µ problem, but has been taken in previous studies
to be of order the gravitino mass as well. This will indeed be the case in the specific
scenario that we consider here. The gauginos then obtain masses at 1-loop order
through anomaly mediation and also through higgsino threshold corrections. After
including renormalization group running effects as well, one obtains [4]
mgluino ≃ 2.5× (1− 0.13 δ32 − 0.04 δSUSY)× 10−2m3/2, (2)
mwino ≃ 3.0× (1− 0.04 δ32 + 0.02 δSUSY)× 10−3 (m3/2 + L), (3)
mbino ≃ 9.6× (1 + 0.01 δSUSY)× 10−3 (m3/2 + L/11), (4)
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where δSUSY = log[MSUSY/100TeV], withMSUSY the scalar superpartner mass scale,
here of order m3/2. δ32 denotes δ32 = log[m3/2/100TeV] for the gluino, and δ32 =
log[(m3/2 + L)/100TeV] for the wino. The terms proportional to m3/2 represent
the anomaly mediated contributions, while those proportional to L are the higgsino
threshold contributions, with L given by
L ≡ µ sin 2β m
2
A
|µ|2 −m2A
ln
|µ|2
m2A
. (5)
mA is the CP odd Higgs mass and tanβ is the ratio of Higgs vevs as usual. As
discussed in reference [2], if µ is of the order of the gravitino mass along with the
other soft mass parameters, then L/m3/2 is generically of order 1. The wino mass
therefore obtains comparable contributions from both anomaly mediated effects and
those of the higgsino threshold corrections. Typically L/m3/2 is required to be less
than about 3 in order for the wino to be the LSP and provide a dark matter candidate,
but since we will not assume gaugino dark matter in our discussions, this condition
will not be necessary here.
We now assume the existence of a PQ symmetry under which the Higgs fields and
quark fields of the minimal supersymmetric standard model (MSSM) are charged.
We take the quark charges to be family universal for simplicity. In this case, an
HUHD superpotential term is necessarily forbidden by PQ symmetry, arising only
after PQ symmetry breaking is communicated to the MSSM sector. We will choose
PQ charges such that the µ term is generated via a term in the superpotential
W ⊃ κ
Mpl
Q2HUHD, (6)
where Q2 breaks PQ via an expectation value 〈Q〉 = ΛPQ/
√
2. We assume that
concurrent with PQ symmetry breaking, a superfield Z is triggered to obtain an
F-term FZ , breaking supersymmetry. We define Λ
2
SUSY = FZ = λΛ
2
PQ. We take the
SUSY/PQ breaking sector to not contain any small parameters which could lead to
a significant hierarchy between ΛSUSY and ΛPQ, so that λ and κ are of order 1.
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The strong anomaly of the PQ symmetry leads to an interaction
αQCD
8π
(θ0 +
a
fa
)GG˜, (7)
where a is the axion field, θ0 is the strong CP parameter, G is the gluon field strength
and fa =
ΛPQ
3N
. Here N =
∣∣∣ qHU+qHDq0
∣∣∣, where qHU and qHD are the Higgs PQ charges,
3Note that a fully strongly coupled theory would have λ of order 4pi.
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and q0 is the charge of the field which breaks PQ symmetry. With the present
example of the superpotential (6), we have N = 2, since Q breaks U(1)PQ. On the
other hand, for the dynamical breaking model to be discussed in section 2.1, Q2
will actually form a meson field ∼ ΛPQΦ, with Φ then obtaining a vev to break the
symmetry. In that case we will have N = 1 instead.
QCD instantons generate a potential for a of the form
Λ4QCD
(
1− cos
(
θ0 +
a
fa
))
, (8)
solving the strong CP problem. This potential has a discrete symmetry under which
a→ a+2πfa, and since the full range for a is actually 2πΛPQ this is a Z6 symmetry.
This discrete symmetry results in unacceptable cosmological domain walls [9] unless
the reheating temperature TR is less than ∼ ΛPQ, and inflation leaves our Hubble
volume with a fixed initial value for the axion a = Θifa [21].
4
Close to the time of the QCD phase transition, the axion field begins to oscillate
around the minimum of its potential. This leads to a contribution to the energy
density of the universe today with [7]
Ωah
2 ≃ .3
(
fa
1012GeV
)7/6
sin2 (Θi/2). (9)
If we assume that R-parity is broken, such that the dark matter must be composed
of axions, then we obtain the requirement
ΛPQ ≃
(
1
sin2 (Θi/2)
)6/7
N × 1012GeV, (10)
so that, with Θi < π,
ΛSUSY &
√
λN × 1012GeV. (11)
This gives a gravitino mass satisfying
m3/2 & λN
2 × 350 TeV. (12)
4Note that since PQ symmetry and supersymmetry are both broken in the same sector at the
scale ΛPQ, the saxion obtains a mass of order ΛPQ, and thus does not have important effects on
the cosmological history of the universe.
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PQ charge R charge
Q1,2 1/2 0
Q3,4 -1/2 0
Z12 -1 2
other Zij 0 2
Z34 1 2
HU -1/2 1
HD -1/2 1
Table 1: PQ and R symmetry charges of superfields in the example symmetry break-
ing sector. The Qi are in the fundamental representation of a new confining SU(2)c
gauge symmetry, with other fields being singlets under this symmetry.
2.1 Example Dynamical Symmetry Breaking Sector
Here we will present one example of a symmetry breaking sector which could si-
multaneously generate both the PQ and SUSY scales, and do so dynamically. Our
example will come from the work of [10]. We will take Qi to be four chiral superfields
in the fundamental representation of an SU(2)c gauge symmetry. We will also take
Zij to be an anti-symmetric 4 × 4 matrix of SU(2)c singlets. We assign PQ and R
symmetry charges as in table 1. We take a superpotential of the form
W ⊃ λklijZklQiQj , (13)
With λklij anti-symmetric in both upper and lower indices, and zero whenever required
by PQ symmetry. If the λklij were zero, then after SU(2)c confinement at a scale Λ,
one obtains a quantum-corrected modulii space of vacua parametrized by meson
fields Vij ∼ QiQj/Λ satisfying Pf(V ) = Λ2, where Pf(V ) is the Pfaffian of V [11].
For sufficiently small λklij , the condition Pf(V ) = Λ
2 is maintained at leading order.
At energies below the confinement scale one obtains an effective superpotential of
the form
W ⊃ ΛλklijZklVij +X(Pf(V )− Λ2), (14)
where X is an auxiliary field introduced to enforce the Pf(V ) = Λ2 constraint. This
constraint, however, cannot be satisfied simultaneously along with the vanishing of
the F-terms of the Zij, and thus supersymmetry is broken. PQ is also broken for
generic values of the λklij by vevs of V12 and V34. Interestingly, due to the results of
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[12], supersymmetry will continue to be broken even if we increase the λklij to become
of order 1, and for generic values we would anticipate PQ to also remain broken. The
µ term arises due to W ⊃ 1
Mpl
Q1Q2HUHD ∼ ΛMplV12HUHD. Note that a Bµ term is
generated of a similar size due to the supergravity potential containing −3 |W |2
M2
pl
, with
W having a constant piece m3/2M
2
pl to cancel the cosmological constant.
3 Phenomenology
Before discussing the testability of our scenario, we must first examine the allowed
parameter space for R-parity violation within the theory. In particular, we will
consider constraints which arise from requiring that contributions to neutrino masses
be sufficiently small [13], that baryon asymmetry not be washed out in the early
universe [14], and that the LSP lifetime be less than about a second to preserve the
successful predictions of big bang nucleosynthesis (BBN) [15].
In what follows, we will assume bilinear R-parity violation is dominant for sim-
plicity, so that the most important R-parity violating term is W ⊃ µ′iLiHU , with
i a generation index. This results if we assume that right handed neutrino fields
Ni, and therefore also LiHU are neutral under U(1)PQ, as seems simplest to fit into
a grand unified theory framework. In this context, other R-parity violating terms
may be suppressed by additional powers of the PQ scale. As is well known in the
literature, one may make a field redefinition of the Li and HD so as to absorb the
R-parity violating bilinear into the ordinary µ term. After doing so, the dominant
R-parity violating terms in the superpotential become
W ⊃ ǫiydjkLiQjDk + ǫiyejkLiLjEk, (15)
where the y’s are the standard Yukawa coupling matrices, and ǫi = µ
′
i/µ. In what
follows, we will discuss the constraints on the ǫi, which we will take for simplicity to
have a typical value ǫi ∼ ǫ.
The most important upper bounds come from requiring that the lepton num-
ber violating operators do not lead to unacceptably large contributions to neutrino
masses, and from requiring that the lepton asymmetry (and through sphaleron pro-
cesses, also the baryon asymmetry) does not get washed out in the early universe
[13, 14].
The most important contribution to the neutrino masses comes from vacuum
expectation values induced in the sneutrinos. The size of this contribution (which
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lies in a single direction in neutrino flavor space) is given by
∆mν =
(
g′2
4M1
+
g2
4M2
)∑
i
〈
ν˜i
2
〉
, (16)
with
〈ν˜i〉 =
(
Biµ
′
i sin β + m˜
2
iHD
cos β
) v
m2ν˜i
, (17)
where v = 174GeV, and Biµ
′
i and m˜
2
iHD
are the coefficients of supersymmetry break-
ing soft terms L˜iH˜U and L˜iH˜
∗
D respectively, after the LiHU superpotential terms
have been rotated away. These soft terms may be expected to be of order ǫm23/2. It
follows that, for roughly universal SUSY scalar masses and gaugino masses of order
∼ mgaugino,
∆mν ∼ O(1)× 10−3eV
(
TeV
mgaugino
)( ǫ
10−6
)2
. (18)
While this expression is rough, and depends on details of various order 1 numerical
factors, we take as a rule of thumb that ǫ . 10−6 is preferred in order to avoid fine
tuning in the neutrino mass matrix.
Avoiding washout of the lepton asymmetry requires that the lepton number vio-
lating interactions are out of equilibrium in the early universe. This constraint was
worked out in [14], and requires roughly
ǫ . O(1)× 10−5
(
3
tanβ
)(
MSUSY
100TeV
)1/2
. (19)
We will next discuss the constraints arising from BBN [15]. We must require that
the lifetime of the LSP is less than about a second. From equations (2)-(4), whether
or not the LSP is the bino, wino, or gluino depends on both L and MSUSY . The
lifetimes of wino or bino LSPs are given by
τwino ≃ 16π
g22ǫ
2mwino
∼
(
10−12
ǫ
)2
TeV
mwino
× 10−1sec, (20)
τbino ≃ 16π
g21ǫ
2mbino
∼
(
10−12
ǫ
)2
TeV
mbino
× 10−1sec. (21)
As a rule of thumb, we should have ǫ & 10−12 in order to satisfy BBN constraints
for a wino or bino LSP.
For a gluino LSP, the lifetime is given by
τgluino ≃ 128π
2
αQCDǫ2λ2b
M4SUSY
m5gluino
∼ O(1)×.1 sec×
(
10−6
ǫ
)2(
3
tanβ
)2(
MSUSY
100TeV
)4(
1TeV
mgluino
)5
.
(22)
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In this case however, the final relic abundance has great uncertainty [16, 17]. This is
due to the fact that after the QCD phase transition, the gluinos form QCD bound
states, with strong interaction processes now playing a role in their annihilation.
While a gluino LSP naively requires ǫ & 10−6, it is interesting to note that, for a
sufficiently suppressed relic abundance and ǫ of perhaps 10−7, gluino decays could
conceivably play a role in addressing the cosmological lithium abundance problems
[18, 19]. We note, however, that a gluino LSP requires a somewhat large value of L,
with L/m3/2 & 20.
For the most likely cases of a wino or bino LSP, our upper and lower bounds on
the ǫi thus require that these parameters be between roughly 10
−12 and 10−6, while
for a gluino LSP, ǫi of order 10
−6 is needed. The precise size of the allowed window
depends on the details of the superpartner spectrum, and also widens as ΛSUSY is
increased. If ΛSUSY is ∼ 1013 GeV, for example, then the range for the ǫi in the case
of a wino or bino LSP becomes perhaps 10−13 − 10−5. We thus conclude that our
scenario is viable for a rather broad range in the amount of R-parity violation.
We will now move on to address the testability of our model. The basic predic-
tions are axionic dark matter, gauginos with order 1 − 10 TeV masses, a PQ scale
of the order of the SUSY breaking scale, and R-parity violation.
Axionic dark matter, with fa in roughly the range 6× 1011 − 6 × 1012 GeV and
DFSZ-like PQ charges [22] as in our model, is expected to be accessible by phase
II of the ADMX microwave cavity search experiment [23]. It follows that we would
anticipate seeing a signal there unless the initial displacement angle Θi is smaller than
about π/10. This corresponds to the ability to probe PQ/SUSY breaking scales up
to a little over 1013 GeV, or gravitino masses of perhaps tens of thousands of TeV.
The collider phenomenology in our model depends on the amount of R-parity
violation present. For wino or bino LSPs, the decay lengths are
cτwino ≃
(
10−6
ǫ
)2
TeV
mwino
× 10−3cm, (23)
cτbino ≃
(
10−6
ǫ
)2
TeV
mbino
× 10−2cm. (24)
Thus for ǫ near its upper bound, wino or bino LSPs would decay quickly inside
the detector. For small ǫ these LSPs become stable on collider length scales, while
for intermediate values of ǫ there is a possibility for displaced vertex signatures.
Although perhaps disfavored by the large values of L required (L/m3/2 & 20), if the
LSP is the gluino, the decay length is necessarily long (c.f. equation (22)). On the
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other hand, after production, the gluino hadronizes and the signatures depend on
the spectroscopy of the resulting hadrons (most importantly on the ratio of charged
to neutral gluino-hadrons). We will not review all of the relevant phenomenology
here, but signatures may include monojets, detection of anomalously heavy charged
particles, or stopped late decaying gluinos [25]. The range accessible to the LHC may
be up to about 2.4 TeV, with current limits excluding masses up to about 1 TeV.
Finding evidence of a gluino LSP would generally point towards R-parity violation,
since a gluino LSP would have contributed strongly interacting dark matter particles
in conflict with experiment. This evidence would of course become more explicit if
one could directly observe decays of stopped gluinos.5
For wino LSPs with long lifetimes, the collider phenomenology is similar to that
of the standard R-parity conserving pure gravity mediation model, as discussed in
[4]. There it was found that if the gluino is light enough to be sufficiently produced
at the LHC, then it should be possible to see a signal in jets + missing energy. For
the cases in which a charged wino is produced in the final state, it should be possible
to see in addition a disappearing charged track signal. The former search, ignoring
the charged tracks, and conducted at the 14 TeV LHC, is projected to be sensitive
to gluino masses less than ∼ 2.4 TeV and wino masses less than ∼ 1 TeV. The
current limit has mgluino < 1 TeV and mwino < 300 GeV. If the gluino is beyond the
reach of the LHC, then it may still be possible to find a signal of a long lived wino
LSP through direct production, and looking for disappearing charged track events,
although the precise sensitivity cannot be determined at this time due to the difficulty
of estimating backgrounds. An interesting possible signature of our model could arise
if a long lived wino LSP were discovered, but without a corresponding signature in
cosmic ray searches for dark matter. Indeed, the strictest present constraints on a
stable wino LSP of mwino & 300 GeV come from such indirect dark matter detection
results [3],6 and these would be avoided in our scenario due to the axion forming the
dark matter. As such, wino masses down to about 100 GeV are still allowed in our
scenario.
5Long lived non-LSP gluinos, as in the split SUSY scenario with very heavy scalars could
hopefully be distinguished by a lack of events involving direct LSP wino production signals. In our
case with a gluino LSP, such directly produced winos would quickly decay through standard MSSM
interactions.
6For a more recent analysis obtaining a more stringent constraint of perhaps mwino & 500 GeV,
see [24]. This result depends on some background subtractions from the galactic center, and is
perhaps not as completely robust as the result of [3].
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If the bino is the LSP and is long lived, then the same jets + missing energy
searches as in the wino case will be applicable assuming that the gluino is within
reach. Interestingly, it should be possible to distinguish the bino LSP case from the
wino case by noting an absence of disappearing charged track events. This situation
would then suggest that R-parity is violated, since a completely stable bino LSP
would have yielded too much dark matter in the early universe.
For short lived wino or bino LSPs the collider signatures become rich, including
events with multiple isolated charged leptons, as well as possible displaced vertices.
These striking signatures would make the model relatively easy to look for due to
greatly reduced standard model backgrounds. This leaves open an exciting pos-
sibility: It may be possible to test our model very explicitly, by observing direct
signatures of both axionic dark matter, as well as the presence of R-parity violating
decays of gauginos with masses near the weak scale! We leave a complete study of
the collider phenomenology of our model in the case of short lived wino or bino LSPs
for future work, but please see for example [26] for prior investigations of R-parity
violating neutralino decays.
4 Summary
In this paper we have considered a simple scenario with a somewhat high supersym-
metry parter scale & 100 TeV, and attempted to explain why the weak scale might
be somewhat natural, but not completely so.
We have taken the strong CP problem as a starting point, and added an axion to
the theory. In addition, we have hypothesized that the PQ and SUSY breaking scales
might be connected, and therefore of a similar size. Together with an assumption of
R-parity violation, the axion is required to compose dark matter and seed structure
formation. This leads to a constraint ΛSUSY ∼ ΛPQ & 1012 GeV, with a superpartner
mass scale of & 100 TeV. The theory will be tested at upcoming experiments: In
particular, we would expect to see a positive signal at the ADMX dark matter axion
search experiment. In addition, the gauginos have a good chance to be accessible
at the LHC, due to their loop-factor suppressed masses. A gluino or bino LSP
would signal that R-parity is violated, in order to avoid cosmological constraints.
A wino LSP, if sufficiently light, could also point towards R-parity violation, since
we predict an absence of a dark matter-annihilation cosmic ray signature. It may
even be possible to directly observe R-parity violating decays of the LSP, thereby
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explicitly confirming our scenario.
We gave one example of a dynamical symmetry breaking sector which can relate
the PQ and SUSY scales. In this model, there is actually a free parameter which
sets the ratio of ΛPQ to ΛSUSY , and which we took to be of order 1 by assumption.
It would be interesting to try to construct a model with no such free parameters,
which could set the ratio of these two scales in a completely dynamical way. We will
leave this question open for future work.
Finally, there is perhaps a general aspect of our scenario which deserves further
emphasis: The presently available information about the weak scale- an apparently
elementary Higgs boson, no signals yet of new physics, and the success of supersym-
metric gauge coupling unification- suggests that supersymmetry may be realized in
nature in a way which requires significant fine tuning, but yet which does address
the bulk of the hierarchy problem. This presents a puzzle: Why might nature prefer
an almost natural- but not completely natural- weak scale? In this paper we have
shown that this puzzle might be of practical importance in suggesting directions for
phenomenology. Our attempted explanation makes concrete predictions, and it is
conceivable that there might be other solutions with their own.
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